FREDRICK WILLIUS, a physician and historian of cardiology, claimed in 1945, "The achievement of scientific progress is irrevocably based on past experiences, not alone on the experience of one generation of scientists but rather on the numerous generations which have been predecessors. " ' The recent introduction of thrombolytic therapy with intracoronary streptokinase for acute coronary occlusion has stimulated renewed interest in the consequences of acute obstruction of the coronary arteries.`> Although Pierre Chirac observed the effects of experimental ligation of the coronary arteries in a dog in 1698, there was little interest in this subject until the closing years of the 19th century.5 In 1893, William T. Porter, a young American physiologist, reported that experimental coronary occlusion in the dog was not always fatal. This observation contradicted the results of other investigators who claimed that ligation of the coronary arteries was followed by cardiac arrest in virtually all instances. The scope and sophistication of Porter's experiments on acute coronary occlusion, performed nearly a century ago, will surely surprise present day clinicians and investigators in the field. His thorough studies of the effects of acute coronary obstruction in experimental animals ultimately had a significant impact on clinical medicine. James B. Herrick's recognition of the clinical syndrome of acute myocardial infarction with survival in man can be traced, in part, to Porter Porter's 1896 paper included a thorough description of his operative technique. He reported that several of the dogs survived for various periods of time after ligation of the left anterior descending coronary artery. One dog survived four days and another fourteen and a half days. Postmortem examinations of these animals revealed "characteristic anemic infarcts . . . occupying the anterior part of the septum and that part of the anterior wall of the left ventricle which adjoins the interventricular furrow."37 Porter concluded from his experiments that "the rapid closure of a coronary artery is followed by the death of the part which it supplies.''37 Addressing the controversial issue of the existence of anastomoses in the coronary circulation, Porter claimed that although anatomic anastomoses existed, they were not functionally significant in the 8 context of acute occlusion of a major coronary artery. He proposed
The idea of terminal arteries is physiological, not anatomical. Terminal arteries differ from other arteries in that the peripheral resistance in the anastomosing vessels is too high to be overcome by the normal blood pressure in any of the arteries of which the communicating vessels are branches. Hence the rapid closure of any terminal artery cuts off the nutrition of its own capillary area because sufficient blood for the life of the area can not be sent through the communicating vessels on account of the high resistance in them. The resistance in the communicating vessels, and not their size, is the factor offirst importance.. I conclude, then, that the rapid closure of a coronary artery puts an end to the nutrition of the area which it supplied. 37 Porter's experiments at Harvard were facilitated not only by enthusiastic and knowledgeable colleagues but also by access to assistants and apparatus that had been unavailable to him in St. Louis. Writing in January 1896, he enthusiastically informed Baumgarten that the staff of the department of physiology would increase ten the following year with the addition of four new assistants who would receive masters degrees after a year of advanced instruction and original laboratory work. Porter claimed, "The idea is chiefly pedagogical, -to train men in physiological science; to give them habits of thought which will be useful in whatever line of work they may take up.?" There were implications for the department's research output, however, and Porter predicted, "I am confident that a great deal can be done with good men in a year's time." He boasted, "The laboratory is now provided with every modern means of increasing production, including stenographer, typewriter, mechanic, phonograph, storage batteries, x ray apparatus, photographic department, etc. . ." Porter and his junior colleagues published important papers on hemodynamics, cardiac innervation, and the origin of the heart beat in the late 1 890s. In 1898 he published a significant paper on coronary blood flow in dogs in which simultaneous pressures were measured in the carotid and coronary arteries.
Cardiac arrhythmias attracted the attention of physiologists in the closing years of the 19th century. Stimulated by the work of MacWilliam and the earlier observations of Kronecker, Porter undertook a series of experiments on ventricular fibrillation, which he reported in 1898. Porter's interest in this subject was in part due to his curiosity regarding "the cause of failure in many previous attempts to resuscitate the heart. ..."42 Porter revealed that he was able to reverse ventricular fibrillation that had been induced in a variety of ways, most notably by ligation of a coronary artery, "by cooling the ventricles until all trace of CIRCULATION fibrillation has disappeared, and then bringing the heart back to a normal temperature by circulating warm defibrinated blood through the coronary vessels. '42 Thus, before 1900, Porter had studied many of the major physiologic and pathologic consequences of acute obstruction of the coronary arteries. Using advanced techniques and sophisticated physiologic apparatus, he had investigated the effects of acute coronary obstruction on myocardial function, the induction of arrhythmias, and the histology of the left ventricle.
Porter collaborated with Walter Baumgarten in research that led to the publication of the most comprehensive and most insightful article on myocardial infarction written by an American in the 19th century. 43 Baumgarten, under Porter's supervision, studied the pathologic extent of myocardial infarctions in cats and dogs after coronary artery ligations. Within several months of the discovery of x-rays, they performed experiments in which roentgenograms were made after the injection of radiopaque substances into the coronary arteries of hearts excised from experimental animals. They were interested in the relationship of ischemia and myocardial contractility and raised issues that are currently of great clinical interest with the introduction of streptokinase therapy for acute coronary thrombosis. Baumgarten declared, "The discovery that portions of the mammalian ventricle will resume their contractions if fed with defibrinated blood enables us to determine how long an ischaemic area in the heart remains contractile."43 Porter and Baumgarten observed that loss of contractility after experimentally induced ischemia was reversible. They found that contractility persists for a time after acute coronary occlusion, but even if it ceased, the potential for the return of contractility after reperfusion of the coronary circulation existed for several hours. They also observed that contractility was most impaired in the central zone . The student should be trained rather than informed. The trained observer can and must be trusted to inform himself."49 In an effort to make high-quality physiologic apparatus more readily available and at a reasonable cost, Porter established the Harvard Apparatus Company, which was "organized for the advancement of laboratory teaching in physiology and allied sciences. "6* Political and personality issues contributed to the selectioii of Walter B. Cannon as Bowditch's successor, and Porter was made professor of comparative physiology at Harvard, a position he held until his retirement in 1928.
By the time of his death in 1949, the experiments Porter had performed more than half a century earlier had been extended by many workers and a sophisticated understanding of the relationship of coronary artery disease, angina pectoris, and acute myocardial infarction was evolving. The critical role Porter's experiments played in the growing understanding of the pathophysiology of coronary artery disease is an ideal demonstration of the ultimate significance of basic science observations to clinical medicine.
